The aim of this study was to clarify the taxonomic status of the species Bacillus weihenstephanensis. A complete genome sequence for the type strain of B. weihenstephanensis was compared against that of the closely related type strain of Bacillus mycoides. The digital DNA-DNA hybridization and average nucleotide identity values between the two type strains was greater than two recognized thresholds for bacterial species delineation, indicating that they should belong to the same genomospecies. The psychrotolerant characteristic and signature sequences of 16S rRNA and cspA genes were incapable of distinguishing B. weihenstephanensis from some non-B. weihenstephanensis strains. Meanwhile, the metabolic, physiological and chemotaxonomic features for the type strain of B. weihenstephanensis were shown to be congruent with those of B. mycoides. On this basis, the taxonomic affiliations of related strains from the Genbank database were determined using multilocus sequence typing and genomic analyses. Therefore, we propose Bacillus weihenstephanensis as a later heterotypic synonym of Bacillus mycoides and correction of erroneous species identifications for several strains.
Bacillus cereus sensu lato (s.l.) is an ecologically diverse bacterial group and currently comprises 21 closely related species, many of which are medically, industrially and/or agriculturally important [1, 2] . In the B. cereus group, a new psychrotolerant species, designated as Bacillus weihenstephanensis, was proposed on the basis of a polyphasic taxonomic approach using genotypic and phenotypic characterizations of multiple strains [3] , and revealed a close phylogenetic relationship to Bacillus mycoides, which was genetically distantly related to the B. cereus group and represented a separate taxon typical of rhizoidal colonial morphology and lack of motility [4] . During the course of investigating the taxonomic status of the B. cereus group bacteria based on 224 genome sequences [5] and the genetic diversity and population structure of isolates from diverse marine environments [6] , we found that the above-mentioned two species may be the same species. Meanwhile, many studies have shown B. mycoides and B. weihenstephanensis to be closely related members [7] [8] [9] . Therefore, the present study aimed to determine the exact taxonomic relationship between the two species using a polyphasic taxonomic approach, multilocus sequence typing (MLST) and genomic analyses.
The complete genome sequences for two type strains, B. weihenstephanensis DSM 11821
T and Bacillus mycoides DSM 2048 T , were obtained from the GenBank database (Table 1 ). The digital DNA-DNA hybridization (dDDH) and average nucleotide identity (ANI) values were respectively calculated based on genome sequences using the Genome-to-Genome Distance Calculator 2.1 provided by the DSMZ website (http://ggdc.dsmz.de/distcalc2.php) [10] and using the EzGenome web service (http://www. ezbiocloud.net/tools/ani) [11] , with the recommended parameters and/or default settings. The 78.1 % of dDDH and 97.63 % of ANI between the type strains were greater than the two recognized thresholds of 70 % dDDH [12] and 95-96 % ANI [13] for bacterial species delineation, clearly indicating they should belong to the same genomospecies.
In the study of Lechner et al. [3] , the 88.0 % of DDH between the two type strains was significantly greater than the 70 % threshold [3] . However, the species B. weihenstephanensis was still proposed on the basis of some phenotypes and genotypes, especially for its psychrotolerant characteristics and the presence of signature sequences of 16S rRNA and cspA genes [3] . But, with the increase of isolates from diverse habitats in recent years, we found that the above-mentioned features do not distinguish B. weihenstephanensis from some non-B. weihenstephanensis strains. Many non-B. weihenstephanensis strains were also psychrotolerant, such as Bacillus nitratireducens 4049 T [2] , B. cereus AH1271 [affiliated to Bacillus cereus group 30 (BCG30), refer to reference [5] ; the same below] [9] , Bacillus wiedmannii FSL W8-0169
T [14] and B. cereus BAG2O-3 (BCG18) [9] . In the meantime, many non-B. weihenstephanensis strains had both the signature sequences of 16S rRNA ( 1008 TCTAGAGATAGA) and cspA ( 4 ACAGTT) genes (Table 1) . Likewise, Soufiane et al. found that some B. thuringiensis strains were psychrotolerant and shared 16S rRNA and cspA gene signature sequences typical of B. weihenstephanensis [8] . As a result, the view has not been supported that the two species are independent.
The metabolic, physiological and chemotaxonomic features of the two type strains were examined and then subjected to comparative analyses based on the present study according to previously described methods [2] and the previously published results (Table 2) [2] [3] [4] 15] . They were positive for oxidase and catalase. In API 20E and API 50CHB tests, they showed almost the same metabolic profiles. Similarly, they showed very similar cellular fatty acid profiles, with iso-C 13 : 0 , iso-C 15 : 0 and C 16 : 0 as the major components (>10 %), and iso-C 17 : 0 , iso-C 17 : 1 !-11, C 14 : 0 , anteiso-C 13 : 0 and anteiso-C 15 : 0 as the minor components (>3 %). This overall resemblance of phenotypic characteristics for the two type strains further indicated that they were phylogenetically closely related. On the basis of above-mentioned results, more related strains were chosen from the GenBank database ( and then analyzed using the MLST according to the P scheme [16] and genome analyses. The other reference type strains within the B. cereus group were used in this study and are listed in Table S1 from the previous study [2] . The dDDH and ANI values between B. mycoides DSM 2048
T and the related strains were calculated ( Table 3 ). The genome size and G+C content for all strains were determined ( Table 3) . The seven housekeeping genes in MLST analysis were obtained from the genome sequence Acetoin production (Voges Proskauer) and gelatinase + + b-Galactosidase, lysine decarboxylase, ornithine decarboxylase, citrate utilization, H 2 S production, urease, tryptophan desaminase, indole production, fermentation of glucose, mannitol, inositol, sorbitol, rhamnose, sucrose, melibiose, amygdalin and arabinose
D-Glucose, D-fructose, N-acetylglucosamine, arbutin, aesculin ferric citrate, salicin, maltose, trehalose, starch (starch) and glycogen using a local BLAST search. The MLST phylogenetic tree was determined according to the previously described method [2] .
Out of 80 strains, 54 belonged to the species B. mycoides, including a Bacillus sp. ok634, two B. thuringiensis, nine B. weihenstephanensis and 23 B. cereus; 18 belonged to BCG 16, which were designated B. weihenstephanensis in the GenBank database. As listed in Table 3 , the remaining B. mycoides and B. weihenstephanensis designated in the GenBank database affiliated to different species. The genome sizes of the species B. mycoides varied from 5.19 to 6.56 Mb; the G+C content ranged from 34.8 to 35.6 mol%. Meanwhile, as illustrated in Fig. 1 , the MLST result supported well the gapped identity and dDDH analyses that these strains formed the well-separated branches with high bootstrap values. Intriguingly, B. mycoides BHP belonged neither to the recognized species nor to other BCG (see reference [5] ). Therefore, strain BHP should be a previously undescribed new species of the B. cereus group, and was tentatively named as BCG 31.
In conclusion, there is no justification for maintaining a different species status for B. weihenstephanensis and B. mycoides. Because the name B. mycoides has priority of publication over B. weihenstephanensis, and based on the evidence presented in this study, we propose Bacillus weihenstephanensis as a later heterotypic synonym of Bacillus mycoides and correction of erroneous species identifications of some related bacteria. The amended description of the species Bacillus mycoides is presented below. 
AMENDED DESCRIPTION OF BACILLUS MYCOIDES
The oxidase/catalase activity and hydrolysis of starch are positive. The clonal morphology, acid production for glycerol and amygdalin D-sucrose (sucrose) are variable. The major components of fatty acids are iso-C 13 : 0 , iso-C 15 : 0 and C 16 : 0 . The DNA G+C content ranges from 34.8 to 35.6 mol%. 
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